Purpose: Every sport has a unique profile of injury and risk of injury. In recent years, there have been numerous attempts at conducting injury prevention trials for specific injuries or for injuries within specific sports to provide evidence useful to the sports medicine and sport community. Football has been a focus of a number of randomized injury prevention trials.
INTRODUCTION
ootball is without question the world's most popular sport with an estimated 265 million registered players [1] . Much of the current growth is due to the rapid increase in the number of females playing as well as the growth in countries where football does not have a strong historical record such as the United States, China, and India [2] . Sport carries with it the risk of injury and each sport has its own particular injury profile. Any increase in participation within a sport will be accompanied by an increase in the number of injuries. Any increase in injuries in a sport with the participation numbers like football will likely have a public health impact in terms of the burden on health care systems as well as time lost to education and productivity.
One pillar of the professional sports medicine community is injury prevention and while the medical community has been a visible presence in sport, the emphasis on prevention historically has been based on logic and expert opinion. For example, static stretching has long been considered as a practice that prevents muscle strain injury, but has come under increased scrutiny recently [3] [4] [5] . Thus, both the medical and sporting communities are looking less at what practices would seem to make sense and more at programs that are supported by evidence based on data derived from clinical trials. The model for sports injury prevention research follows a conceptual process described by van Mechelen [6] . This 4-step model begins by determining the incidence of injury, determining the mechanism of each injury to be prevented, designing and implementing prevention interventions, and finally reassessing the injury incidence to see if the intervention was successful or not. In practice, a large group of athletes or teams are randomly assigned to either a control group or an intervention group. Injuries for a full season are recorded and the exposure-related injury rates between the two groups are compared.
In the 1980's, Ekstrand and colleagues [7] [8] [9] [10] published the results of the first injury prevention trials in professional football. It was not until the mid to late 1990's that prevention trials were conducted on a wider scale. These trials were of two types: trials to prevent a specific injury or those designed to prevent a wider spectrum of injuries. As ankle sprain is one of the most common injuries in sport, a number of studies have been published whose goal was to reduce the incidence of ankle sprain [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . The goal of other projects was to prevent other common injuries such as tendon injury [25] , hamstring strains [26] [27] [28] [29] [30] , groin strains [31, 32] , and knee sprains -the anterior cruciate ligament in particular [33] [34] [35] [36] [37] [38] [39] . Other studies were designed to decrease a broad range of common injuries. Many of these more broad-based projects replaced a traditional warm-up with a generalized warm-up that consisted of activities to reduce common injuries in that particular sport. In football, as with most team sports, the most common injuries are ligament sprains (of the ankle and knee) and muscle strains (of the hamstring and groin). After considering the mechanisms of injury and the activities shown to be successful in preventing specific injuries, researchers design generalized warm-up programs based on the best available evidence. The results of these generalized warm-up programs will be presented here.
SEARCH METHODS
MEDLINE was searched with the first order keywords of "injury prevention" and "sport" (n = 3,018). This list was restricted to "clinical trial" or "randomized controlled trial" (n = 212) which had been conducted on "all children (0-18)" and "adults (19-44)" (n = 179) whose goal was preventing common football injuries (ankle sprain, knee sprains, muscle strains). Each title and abstract was reviewed to confirm the use of random assignment and that injuries were compared between the control group and the intervention group. Our objective was to find studies with an exercisebased training program, thus projects that used mechanical interventions (such as taping, bracing, or other orthoses) were excluded. As football was the focus of the current study, only trials on football players were selected.
RESULTS AND DISCUSSION
We identified 18 prevention trials on football players, ten injury-specific and eight generalized injury prevention projects. Table 1 summarizes the results of these 18 projects. The generalized programs will be discussed.
Prevention of Specific Injuries:
There are a number of projects that provide evidence about reducing specific injuries. For example, the incidence of ankle sprains has been reduced by 30-35% using balance board [14, 17] or proprioceptive training [15, 20] . While strengthening programs have resulted in reductions in hamstring strains [27] , the 30% reduction in groin strains reported by Tyler et al [32] was not statistically significant. Impressive reductions in ACL injury, with an 88% or greater reduction in ACL tears, have been reported [36, 37] . Studies that failed to find a reduction in ligament injury rates have poor compliance to the intervention program [40] [41] [42] .
Randomized Trials to Prevent Football Injuries:
There have been attempts at developing a more generalized warm-up or preseason-training program that have met with variable success. The prevention program used in Ekstrand's early work [8] [9] [10] on male Swedish professionals was very comprehensive with a multitude of interventions that included specific prevention exercises, training modification, and changes in equipment that were all supervised by the medical staff. An impressive 75% reduction in all injuries was achieved. With such a expansive approach to prevention, however, it was hard to differentiate, for example, whether the ankle exercises or the protective bracing had the greatest role in the reduction of ankle sprains [9] . This project provided the first evidence that supplemental programs could have a role in preventing injury in football players. Randomized trials for preventing football injuries were infrequent until 2000 when Soderman and colleagues [41] published their results of a balance board program on 221 female adult players. The program consisted of 10-15 minutes of balance board training added to their normal training and was an attempt to duplicate the positive findings of Caraffa et al [33] Unfortunately, the raw incidence of severe anterior cruciate ligament injury was greater in the intervention group, although the difference was not statistically significant. An issue was the large number of dropouts and poor compliance of the subjects with the program. As stated earlier, generalized injury prevention programs are based mostly on exercises from programs shown to prevent specific injuries. A different approach was taken by Heidt and co-workers [43] who evaluated the value of a pre-season fitness program on potential subsequent injury rates. High school female football players (n=300, 14-18 years of age) were followed for one year (an August-September high school season and their March-August club season). Prior to the club season, 42 players were randomly chosen to follow a 7-week training program that emphasized on endurance, plyometrics, flexibility, and resistance trainings designed to improve speed and agility of the subjects. Other players performed their usual preparations and served as a control group. The type and location of time loss injuries were recorded for both groups. Of the trained players, 14% sustained an injury while 34% of the control group was injured (p=0.008). There were a total of 32 knee injuries with only three occurring to players in the intervention group. Only one player in the intervention group had a season ending injury while there were 11 seasonending injuries to players in the control group. Unfortunately, while injury incidence was documented, exposure was not collected so rates and risks were unreported. Junge et al [44] designed the first generalized program for young males, age 14-19, of varied skill levels. The program was made up of 10 exercises to improve endurance, reaction time, coordination, lower extremity stability, plus flexibility and strength of the trunk, hip, and lower extremities. Weekly injury reports were collected over an entire year. Overall, there were 36% fewer injuries per player in the intervention group (p<0.01). Other significant reductions included nearly 50% fewer mild injuries, 41% fewer overuse injuries, 55% fewer training injuries, and 80% fewer groin injuries. In addition, the players with the highest skill had the lowest injury rates. This was one of the first projects to demonstrate benefits of a generalized injury prevention program. The success of this program was the inspiration for a number of more recent publications.
Hagglund and co-workers [45] took a slightly different approach. Probably the main risk factor for most injuries is a history of that particular injury [46] [47] [48] .
So this project, in which 20 fourth division amateur teams of Swedish males participated, was an attempt to prevent a recurrent injury in football players. All players documented their personal injury history. Players in the intervention teams received information about risk factors of re-injury and principles of rehabilitation in addition to a 10-step rehabilitation program. The program consisted of nine progressive running and sport-specific exercises and return to play criteria that were based on the severity of the injury. The coach was the controlling figure for the teams using the intervention program. Overall, there was a 66% reduction in re-injury risk as a result of the program. The authors also tracked the time between the index injury and a re-injury and reported that the intervention was most effective at preventing a reinjury in the first week of return to play. Engebretsen et al [40] focused their attention on professional players with an injury history. Each player's injury history was determined in order to establish whether a player was at a high or a low risk of re-injury. The high-risk players were randomized to a control or intervention group while the low risk players also served as a separate control group. Injury specific progressive programs were designed for players with a high risk of an ankle, knee, groin, or hamstring injury. Programs were merged for players who were at a high risk of multiple injuries. The interventions were performed three times a week for the 10-week preseason period, then once per week for the remainder of the competitive season. As expected, the low-risk control players had a significantly lower injury incidence than the high-risk players. There were no differences in overall or specific injuries between the high-risk control and high-risk intervention groups. Compliance in the intervention group was poor; only 19-29% of the players completed 30 or more training sessions. A total of 16%, 23%, 63% and 68% of the players at high risk for an ankle, knee, hamstring, and groin injury respectively, reported no exercise sessions. This project is a further illustration of the importance of complying with a prevention program. A generalized exercise program based on the original work of Junge et al [44] was developed by the medical research program of FIFA and was called "The 11". A cluster-randomized trial of "The 11" was conducted by Steffen and colleagues [42] on female youth players (14-18yr of age). A total of 113 teams (2,092 players) were randomized into a control or intervention group where the intervention teams were instructed regarding "The 11". This 15-minute warmup program was to be used by the intervention teams throughout the eight-month season. There were no differences between groups for either the overall injury rate or the rates for individual injuries. Compliance was again a limitation. For the first half of the season, the training program was used during 60% of the training sessions, but by the end of the season, less than one in four teams had performed 20 sessions.
As researchers began to see some limitations with earlier programs (e.g. lack of progression of exercises), FIFA's Medical Assessment and Research Centre (F-MARC) in cooperation with the research groups at the Oslo Sports Trauma Research Centre and the Santa Monica Orthopaedic and Sports Medicine Research Foundation developed a three-part generalized warmup [49] . Part 1 is a series of six slow-speed running exercises that should take about eight minutes to complete. Part 2 includes six exercises of strength, plyometric, and balance activities. Each of these six exercises has three levels of progression that challenges players as their ability and capacity improves. This part of the warm-up should take about 10 minutes. Part 3 concludes the warm-up with three more running exercises that are more demanding than those in Part 1. The increased intensity of work brings the player closer to the running demands of the formal football training to follow. This final portion should take only about two minutes. Once the players learn the exercises, the entire warm-up program should take about 20 minutes. This does not increase the duration of training as this program substituted for whatever warm-up program was being conducted. The program was termed The 11+ ( Fig. 1) . Details of the program are as follows; the warm-up area for Part 1 is two parallel lines of 6-10 cones set about five to six meters apart. Players would go through the course in pairs with each successive pair of players starting when the pair in front has left the second cone. When finishing each exercise, the player jogs back to the starting point. The jogging speed of the return leg can increase progressively as each player warms-up.
Part 1: Running Exercises
This part takes about 8 minutes to complete. Each exercise is done twice and in pairs. Straight ahead: Players jog through the course to the last pair of cones. 
Part 2: Strength, Plyometrics and Balance
Many of these require a partner. Each exercise has three progressively more challenging levels. Begin with level 1 of each exercise. As the player's fitness improves for any individual exercise, move to its level 2. Doing one level of each exercise should take about 10 minutes. 
The

Part 3 -Running Exercises
These final running exercises take about 2 minutes to complete. Across the Pitch: Players run across the pitch, from one side to the other, at 75-80% of maximum pace; 2 sets. Bounding: Players should run with high bounding steps with a high knee lift, landing gently on the ball of the foot. They should use an exaggerated arm swing for each step (opposite arm and opposite leg). Their lead leg should not cross their midline nor should their knee buckle inwards. Repeat the exercise until they reach the other side of the pitch, then jog back to recover; 2 sets. Plant and Cut: Players jog 4-5 steps then plant on the outside leg and cut to change direction. Players accelerate and sprint 5-7 steps at high speed (80-90% maximum pace) before decelerating and moving into the next plant and cut. Their knee should not buckle inwards. Repeat the exercise until they reach the other side of the pitch and then jog back; 2 sets. A total of 125 clubs of females, aged 13-17 years of age, were randomized into either a control or an intervention group. The 11+ was to be performed at each training session and parts 1 and 3 only were to be performed on match days. Since 13 clubs in the intervention group and 19 clubs in the control group were excluded, the final sample consisted of 52 intervention clubs (n=1,055) and 41 control clubs (n=837). The average age for both groups was 15.4 years of age. The individual player dropout rate was 2.1% and 2.9% for the intervention and control groups, respectively.
In the study, the coach was to ensure correct performance, posture, and good body control by monitoring the players. The coach had to make certain that each player controlled their knee position during the exercises, including straight leg alignment, kneeover-toe position and soft landings. The knee should never buckle inwards into what would appear to be a valgus position.
A total of 16% of all players sustained 376 injuries, 80% of which were acute and 20% were overuse. There were 161 injuries in the intervention group and 215 injuries in the control group.
The rate ratio of the risk of injury was used to determine the risk of injury in the groups. Consistent with other studies, there was a 32% reduction in overall injury risk in the intervention group (P=0.04). Match injury risk was reduced by 28% (P=0.05), training injury risk was reduced by 32% (P=0.01) and lower extremity injury risk was reduced by 29% (p=0.07). The risk of overuse injury was reduced by 53% (P=0.01) and the risk of serious injury (defined as >28 days lost) was reduced by 45% (P=0.05).
When specific body parts or injury types were examined, the risk of knee injury was 45% less (P=0.005), the risk of contusions was reduced by 56% (P=0.007), the risk of lower extremity tendon pain was reduced by 52% (P=0.047), and the risk of low back pain was reduced by 89% (P=0.04). There was a significant 49% reduction in the risk of multiple injuries. Many other outcome variables trended toward a reduced risk of injury, but did not reach statistical significance when adjusted for the clustered sampling.
The importance of compliance has been a factor in the success of other prevention trials. With individualized instruction, communication between the research team and the clubs combined with the expanded set of progressive exercises and the running activities, a compliance rate of 77% was achieved. The authors felt that, ". . . the overall rate of injuries, as well as the rate of match injuries, training injuries, overuse injuries, and acute injuries differed significantly. The rate of severe injuries, severe overuse injuries, and severe acute injuries was significantly lower in the intervention group" [49] . Incorporating exercises for core stability, strength, and balance with neuromuscular control of the hip and knee for proper movement biomechanics and awareness about the improving motor control helped reduce the risk of all injuries by about one-third and of severe injury by about one-half.
While the evidence supporting the effectiveness of a generalized program continues to grow, the results are not limited to football as successful general injury and specific injury prevention trials have been conducted on team handball [38, 50] , floorball [51] , basketball [12, 16] , volleyball [11] , and Australian Rules Football [30] .
CONCLUSION
The results of recent injury prevention trials show that a generalized, structured and progressive warm-up is effective at reducing injury in football. While there are injury-specific protocols, a generalized warm-up program like The 11+ is an effective injury prevention program. As the evidence from successful intervention trials continues to mount, the sports medicine community needs to be conscientious in promoting prevention as a primary educational effort. The coach on the field needs to be encouraged to implement injury prevention to ensure the player's health and continued development as a football player.
